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57 ABSTRACT 

The present invention provides a compound of formula (I) 

SOHN 

ONOR2 (I) 
O 

N 
ROCHN 

R5 

A 

in which R represents a hydrogen atom or a (C-C)alkyl 
group, R2 represents a hydrogen atom or a straight or 
branched (C-C)alkyl group, R represents a straight or 
branched (C-C)alkyl group, a group -(CH)OCH 
(where n is 1, 2 or 3) or a group -CHO(CHO)CH 
(where m is 1, 2 or 3), R represents a hydrogen atom or a 
halogen atom, R represents a straight or branched 
(C-C)alkyl group and A represents phenyl or heterocyclic 
group optionally substituted with one or more substituents 
independently chosen from halogen atoms and straight or 
branched (C-C)alkyl, straight or branched (C-C)alkoxy 
and trifluoromethyl groups, or a cyclo(C5-C8) alkyl group, 
in the form of the free base or of a pharmaceutically 
acceptable addition salt thereof, a process for their prepa 
ration and their use in the treatment of thrombosis and 
thrombotic complications. 

9 Claims, No Drawings 
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1. 

1-OXO-2-(PHENYLSULPHONYLAMINO) 
PENTYPIPERDINEDERIVATIVES, THEIR 
PREPARATION AND THER THERAPEUTIC 

APPLICATION 

The present invention relates to 1-oxo-2-(phenylsulpho 
nylamino) pentylpiperidine derivatives, to their preparation 
and to their therapeutic application. 

The present invention provides a compound formula (I) 

OS OR2 (I) 
O 

SOHN N 

ROCHN 

d Rs 

A R4 N 

| ) 
R NH 

in which 
R represents a hydrogen atom or a (C-C)alkyl group, 
R represents a hydrogen atom or a straight or branched 

(C1-C4) alkyl group, 
Ra represents a straight or branched (C-C)alkyl group, 3a 

group -(CH2), OCH (where n is 1, 2 or 3) or a group 
-CHO(CHO)CH (where m is 1, 2 or 3), 

R represents a hydrogen atom or a halogen atom, 
Rs represents a straight or branched (C-C)alkyl group and 
A represents either a phenyl or heterocyclic group optionally 

substituted with one or more substituents independently 
chosen from halogen atoms and a straight or branched 
(C-C)alkyl, straight or branched (C-C)alkoxy and 
trifluoromethyl groups, or a cyclo(C-C)alkyl group, in 
the form of the free base or of a pharmaceutically accept 
able addition salt thereof. 
Preferred compounds according to the invention are those 

in which: 
R represents a straight or branched (C-C)alkyl group, and 
A represents a pyridyl, thienyl or furyl group, optionally 
substituted with one or more substituents independently 
chosen from halogen atoms and straight or branched 
(C-C)alkyl, straight or branched (C-C)alkoxy and 
trifluoromethyl groups. 
The compounds of the invention possess 3 asymmetric 

centres. The preferred configuration of the piperidyl group is 
2R,4R). 
The preferred configuration of the central amino acid part 

SOHN in --- 
is S. 
The compounds may exist in the form of free bases or 

addition salts with pharmaceutically acceptable acids. 
All of these forms form part of the invention. 

2 
In the schemes which follow, the -CPh group represents 

the triphenylmethyl group. 
According to the invention, the compounds of formula (I) 

may in general be synthesized according to Scheme 1. 
5 A sulphonic acid of formula (II), in which A and R are 

as defined above, is reacted with an acid chloride of formula 
(III) in which R is as defined above, generally in an aprotic 
solvent such as dichloromethane in the presence of a base 
such as pyridine, followed by addition of triethylamine, 

10 generally in excess, to obtain a triethylamine salt of formula 
(IV); the compound of formula (IV) is then reacted with 
trifluoroacetic anhydride to obtain a compound of formula 
(V), from which a compound of formula (VI) is prepared by 
the action of phosphorus pentachloride generally in a solvent 

15 such as dichloromethane; finally, the compound of formula 
(VI) is reacted with a compound of formula (VII), in which 
R represents a hydrogen atom or a (C-C)alkyl group, R 
represents a straight or branched (C-C)alkyl group and Rs 
represents a straight or branched (C-C)alkyl group, gen 

20 erally in an aprotic solvent such as dichloromethane in the 
presence of a base such as triethylamine, then the imidazolyl 
ring is deprotected and the trifluoroacetyl residue is removed 
in an acidic medium such as acetic acid/ethanol or acetic 
acid/tetrahydrofuran/water mixture at reflux, to obtain a 

25 compound of formula (I) in which R represents a straight or 
branched (C-C)alkyl group. 

Scheme 

SOH 
30 HN 

A R4 (II) 

35 

o (III) 
SOH. TEA 

40 HN 
ROC1 

A R4 (IV) 

45 y (CFCO)2O 
FCOC SOH. TEA 

O Yn 5 
/ 

ROC 

A R4 (V) 

55 PCls 
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-continued 
Scheme 1 

FCOC SOC 
N 
N 

/ 
ROC (VI) 

A R4 

OS OR2 
O 

HCHN-- 
'Rs (VII) 

N 

| ) 
R N 

CPh3 

ON OR2 
O 

SOHN N 

ROCHN 

'Rs (I) 

A R4 N 

| ) 
R NH 

If a compound of formula (I) in which R represents a 
hydrogen atom is desired, the corresponding compound of 
formula (I) in which R represents a straight or branched 
(C-C)alkyl group is saponified under standard conditions 
known to those skilled in the art. 

In a variant of the process, illustrated in general in 
Scheme 2, to prepare the compounds of formula (Ia), in 
which R', represents a straight or branched (C-C)alkyl 
group, a compound of formula (II), which is generally first 
reacted with triethylamine to form a triethylamine salt, is 
reacted with an acid chloride of formula (IIIa) or with an 
anhydride of formula (IIIb), to obtain a symmetrical imide, 
either in the form of the triethylamine salt of formula (Va) 
or in the form of the corresponding amine in which case the 
triethylamine salt of formula (Va) is then prepared, which 
salt is treated with phosphorus pentachloride to obtain a 
compound of formula (VIa) which is reacted with a com 
pound of formula (VII) generally in an aprotic solvent such 
as dichloromethane in the presence of a base such as 
triethylamine, then the imidazolyl ring is deprotected and 
one of the residues-COR is removed in an acidic medium 
such as acetic acid/ethanol, acetic acid/water or acetic acid/ 
tetrahydrofuran/water mixture at reflux, to obtain a com 
pound of formula (Ia) in which R represents a straight or 
branched (C-C)alkyl group. 
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Scheme 2 

SOH 
H2N 

A R4 (II) 

1) TEA 
2) R'COCl (IIIa) 

O 

(R3CO)2O (IIIb) 

R'OC SOH. TEA N 
N 

/ 
R'OC 

A R4 (Va) 

PCls 

R'OC SOCl N 
N 

/ 
ROC 

A R4 (VIa) 

ONOR2 
O 

HC.HNs- N 

'Rs (VII) 
N 

| ) 
R N 

CPh3 

ONOR2 
O 

SOHNs- N 
ROCHN 

Rs (Ia) 
A R4 N 

| ) 
R NH 

If a compound of formula (Ia) in which R represents a 
hydrogen atom is desired, the corresponding compound of 
formula (Ia) in which R2 represents a straight or branched 
(C-C)alkyl group is saponified under standard conditions 
known to those skilled in the art. 

It is also possible to use the process illustrated in general 
by Scheme 3. 
A compound of formula (Ib) in which R represents a 

halogen atom is treated with triethylamine, and the salt thus 
obtained is reacted with an acid chloride of formula (IIIa), 
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in which R is as defined above, to obtain a compound of 
formula (IVb), from which a compound of formula (VIb) is 
prepared by the action of phosphorus pentachloride gener 
ally in a solvent such as dichloromethane, followed by 
reaction of the compound (VIb) with a compound of formula 
(VII) in which R represents a hydrogen atom or a 
(C-C)alkyl group, R represents a straight or branched 
(C-C)alkyl group and Rs represents a hydrogen atom or a 
Straight or branched (C-C)alkyl group, generally in an 
aprotic Solvent such as dichloromethane, then a residue 
-COR' is removed by treatment in a basic medium such as 
ammonia in an aprotic solvent, to obtain a compound of 
formula (VIII), which is reacted with a compound of for 
mula (IX) in which A is as defined above and R is a 
(C-C)alkyl group generally in a solvent such as dimeth 
ylformamide in the presence of a 

Scheme 3 

SOH 

H2N 

RA (IIb) 

1) TEA 
2) R'COCl (IIIa) 

ROC SOH. TEA 
N 
N 

/ 
ROC 

RA (IVb) 

PC5 

R'OC SOCl 
N 
N 

7 
R'OC 

I R (VIb) 

OSOR2 

(VII) 

R N 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
-continued 
Scheme 3 

O OR2 S. 
O 

SoHN- N 
R'OCHN 

Rs (VIII) 

I R4 N 

| ) 
R N 

so CPh3 (IX) 

OS OR 
O 

SOHN N 

R'OCHN 

Rs (X) 

A R4 N 

| ) 
R1 N 

CPh3 

OS OR 
O 

SOHN N 

R'OCHN 

'Rs (Ia) 

A R N 

| ) 
R N 

CPh3 

catalyst such as tetrakis (triphenylphosphine)palladium (0), 
to form a compound of formula (X) which is heated to the 
reflux temperature in an acidic medium, for example in an 
acetic acid/water mixture, to obtain a compound of formula 
(Ia), in which Ra represents a halogen atom. If a compound 
of formula (Ia) in which R is a hydrogen atom is desired, 
the corresponding compound of formula (Ia) in which R is 
a halogen atom is subjected to a hydrogenolysis. 

If a compound of formula (Ia) in which R represents a 
hydrogen atom is desired, the corresponding compound of 
formula (Ia) in which R, represents a straight or branched 
(C-C)alkyl group is saponified under standard conditions 
known to those skilled in the art. 

For the compounds of formula (I) in which R, represents 
a group -(CH2)OCH (where n is 1, 2 or 3) or 
-CHO(CHO), CH (where m is 1, 2 or 3), it is also 
possible to prepare a mixed imide, from the compound of 
formula (Ib), by a method analogous to that described for 
the compound of formula (V) in Scheme 1, then the process 
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of Scheme 3 is followed by reacting this mixed imide with 
the amine of formula (VII). 
The compounds of formula (I) or (Ia) obtained in the 

above processes are optionally converted into addition salts 
thereof by known methods. 
The present invention also provides an intermediate com 

pound of formula (XI) 

SOR7 (XI) 

Z. R4 

in which either Rs represents a hydrogen atom or a trifluo 
roacetyl group, R represents a group -COR (where R is 
as defined above) and R7 represents a hydroxyl group, or Rs 
represents a trifluoroacetyl group, R represents a group 
-COR and R, represents a chlorine atom, or Rs and Ro 
each represents a group -COR' (where R is as defined 
above) and R represents a chlorine atom or a hydroxyl 
group, Z represents an iodine atom, a phenyl or heterocyclic 
group optionally substituted with one or more substituents 
independently chosen from halogen atoms and straight or 
branched (C-C)alkyl, straight or branched (C-C)alkoxy 
and trifluoromethyl groups, or a cyclo(C5-C8)alkyl group, 
and R is as defined above. 
The heterocyclic group is preferably a pyridyl, thienyl or 

furyl group optionally substitued with one or more substitu 
ents chosen from halogen atoms and straight or branched 
(C-C)alkyl, straight or branched (C-C)alkoxy and trif 
luoromethyl groups. 
The starting materials are commercially available or are 

described in the literature or may be prepared according to 
methods which are described therein or which are known to 
those skilled in the art. 
The compounds of formula (II) and their preparation are 

described in French patent application No. FR 94/14129. 
The compounds of formula (VII) are described in European 
patent application No. EP 0,643,047. 
The examples which follow illustrate the preparation of 

certain compounds in accordance with the invention. 
The microanalyses and the IR and NMR spectra confirm 

the structure of the compounds obtained. 
The compound numbers in the examples refer to those in 

the table given later which illustrates the chemical structures 
and the physical properties of a few compounds according to 
the invention. 

EXAMPLE 1 (compound No. 8) 

ethyl (2R-1 (S), 
20.4B))-4-ethyl-1-(5-(1H-imidazol-4-yl)- 
2-(2-(3-methoxy-1-oxopropyl)amino 

1,1'-biphenyl)-3-yl)sulphonyl)amino)-1-oxopentyl) 
piperidine-2-carboxylate hydrochloride 

1.1. N,N-diethylethanamine salt of 2-(3-methoxy-1-oxo 
propyl)amino1,1'-biphenyl)-3-sulphonic acid 
To a solution of 1.74 g (7 mmol) of 2-amino1, 1'-biphe 

nyl)-3-sulphonic acid and 1.6 ml (19.5 mmol) of pyridine in 
7 ml of dichloromethane is added dropwise, at 0°C. under 
a nitrogen atmosphere, a solution of 1.3 g (10.5 mmol) of 
3-methoxypropionyl chloride in 3 ml of dichloromethane. 
The reaction medium is left stirring for 2 hours at 0° C., 
excess methanol and triethylamine are added and the mix 
ture is then concentrated under reduced pressure. The resi 
due is purified by chromatography on a column of silica gel, 
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8 
eluting with a methanol/dichloromethane/triethylamine 
mixture (2/98/0.001). 

2.3 g of product are obtained in the form of a viscous oil 
which is used without further purification in the following 
Step. 
Yield=100% 
1.2. N,N-diethylethanamine salt of 2-((3-methoxy-1-oxo 
propyl)(trifluoroacetyl)amino1,1'-biphenyl-3-sulphonic 
acid 
A mixture of 2.3 g (7 mmol) of the N,N-diethyletha 

namine salt of 2-(3-methoxy-1-oxopropyl)amino)1,1'-bi 
phenyl)-3-sulphonic acid and 9.8 ml (70 mmol) of trifluo 
roacetic anhydride is heated for 3 hours at the reflux 
temperature, and the reaction medium is then concentrated 
under reduced pressure. 
3.8g of product are obtained in the form of a viscous oil 

which is used without further purification in the following 
step. 
Yield=100% 
1.3.2-(3-methoxy-loxopropyl)(trifluoroacetyl)amino1,1'- 
biphenyl)-3-sulphonyl chloride 
To a solution of 3.8 g (7 mmol) of the N,N-diethyletha 

namine salt of 2-((3-methoxy-1-oxopropyl)(trifluoroacetyl) 
amino) (1,1'-biphenyl)-3-sulphonic acid in 14 ml of dichlo 
romethane are added 1.75 g (8.4 mmol) of phosphorus 
pentachloride, the mixture is heated for 3 hours at the reflux 
temperature and is then concentrated under reduced pres 
sure. The residue thus obtained is purified by chromatogra 
phy on a column of silica gel, eluting with dichloromethane. 

1.3 g of product are obtained in the form of a viscous oil 
which is used without further purification in the following 
step. 
Yield=4.0% 
NMR (CDC), 200 Mhz, 8, (ppm): 8.4–8.2 (m, 1H); 7.8- 

7.6 (m, 2H); 7.5-7.3 (m, 3H); 7.3-7.2 (m, 2H); 3.8-3.5 
(m, 2H); 3.3 (s, 3H); 3.0-2.7 (m, 2H) 

1.4. Ethyl (2R-1 (S), 20.4B)-4-ethyl-1-(5-(1H-imidazol-4- 
yl)-2-(2-(3-methoxy-1-oxopropyl)amino1,1'-biphenyl)- 
3-yl)sulfonyl)amino)-1-oxopentyl)piperidine-2-carboxylate 
hydrochloride 
To a mixture of 1.5 g (2.4 retool) of ethyl (2R-1 (S), 

20,4B)-1-(-2-amino-1-oxo-5-1-(triphenylmethyl)-1H-imi 
dazol-4-yllpentyl)-4-ethylpiperidine-2-carboxylate hydro 
chloride and 0.8 ml (5.8 mmol) of triethylamine in 15 ml of 
dichloromethane are added dropwise, at 0° C. under a 
nitrogen atmosphere, 1.3 g (2.89 mmol) of 2-((3-methoxy 
2-propanoyl)(trifluoroacetyl)amino1,1'-biphenyl)-3-sul 
phonyl chloride dissolved in 3 ml of dichloromethane. The 
reaction medium is left stirring at this temperature for 6 
hours and is then concentrated under reduced pressure. The 
residue is taken up in 50 ml of ethyl acetate and is then 
washed successively with 50 ml of aqueous 0.5 N hydro 
chloric acid solution, then with 50 ml of 5% sodium hydro 
gen carbonate solution and then with 50 ml of saturated 
sodium chloride solution, and is dried over magnesium 
sulphate. The residue thus obtained is heated at 90° C. for 2 
hours in a mixture containing 50 ml of acetic acid and 50 ml 
of ethanol, and is then concentrated under reduced pressure. 
This residue is purified by chromatography on a column of 
silica gel, eluting with a methanol/dichloromethane mixture 
(5/95). 

1.2 g of product are obtained in base form. 
Yield=75% 
The hydrochloride is prepared by dissolving 1.2 g (1.8 

mmol) of base in 36 ml of a solution of isopropanol in 0.1 
N hydrochloric acid and evaporating under reduced pres 
Ste. 
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Melting point=74° C. 
(o)'=+60° (c=0.2; methanol) 

EXAMPLE 2 (compound No. 15) 

Ethyl 2R-1 (S), 
20.43-4-ethyl-1-(5-(5-methyl-1H-imidazol-4-yl)- 

2-3'-methyl-2-(1-oxopropyl)amino 
l, l'-biphenyl-3-yl)sulphonylamino 

1-oxopentyl)piperidine-2-carboxylate hydrochloride 
2.1. N,N-diethylethanamine salt of 2-bis(1-oxopropy 

l)amino-3'-methyl(1,1'-biphenyl)-3-sulphonic acid 
2.1 g (8 mmol) of 2-amino-3'-methyll, '-biphenyl)- 

3-sulphonic acid are dissolved in 10 ml of dichloromethane, 
1.34 ml (9.6 mmol) of triethylamine are added and the 
mixture is evaporated to dryness. The salt obtained is then 
dissolved in 15.5 ml of propionic anhydride, and the mixture 
is heated for 8 hours at 100° C. and evaporated to dryness. 
The residue is purified by chromatography on a column of 
silica gel, eluting with a dichloromethane/ethanol/triethy 
lamine mixture (98/2/0.001). 

3.6 g of product are obtained in the form of a viscous oil 
which is used without further purification in the following 
Step. 
Yield=95% 
2.2. 2-bis (1-oxopropyl)amino-3'-methyl(1,1'-biphenyl)-3- 
sulphonyl chloride 
To a solution of 3.6 g (7.6 retool) of the N,N-diethyletha 

namine salt of 2-bis(1-oxopropyl)amino-3'-methyl (1,1'- 
biphenyl)-3-sulphonic acid in 8ml of dichloromethane, at 0° 
C., are added 1.6 g (7.6 mmol) of phosphorus pentachloride 
and the mixture is allowed to return to room temperature. 
The mixture is then heated for 4 hours at the reflux ten 
perature and is then allowed to return to room temperature. 
Ether is added, the mixture is filtered, the filtrate is concen 
trated and the residue is purified on a column of florisil M, 
eluting with an ether/pentane mixture (1/1). The product is 
recrystallized from an ether/pentane mixture. 

1.7 g of product are obtained in the form of whitish 
crystals. 
Yield=58% 
Melting point=91 C. 
2.3. ethyl 2R-1 (S), 20.48-1-2-2-bis(1-oxopropy 
l)amino)3'methyl 1, 1'-biphenyl)-3-ylsulphonyl)amino-5- 
5-methyl-1-(triphenylmethyl)-1H -imidazol-4-yl)-1-oxo 
pentyl)-4-ethylpiperidine-2-carboxylate 

787 mg (2 mmol) of 2-bis(1-oxopropyl)amino-3'methyl 
(1,1'-biphenyl)-3-sulphonyl chloride are dissolved in 8ml of 
dichloromethane and, at O. C., 1.3 g (2 mmol) of ethyl 
2R-1(S), 20.43)-1-(2-amino-5-5-methyl-1-(triphenylm 
ethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4-ethylpiperidine-2- 
carboxylate hydrochloride and 0.9 ml of triethylamine are 
added. The reaction mixture is allowed to warm to room 
temperature, it is evaporated and the residue is taken up in 
100 ml of ethyl acetate. This solution is washed successively 
with 50 ml of 1N hydrochloric acid solution, 50 ml of 
saturated sodium hydrogen carbonate solution and 50 ml of 
saturated sodium chloride solution, dried over magnesium 
sulphate and then evaporated to dryness. 

1.6 g of product are obtained, which product is used 
without further purification in the following step. 
Yield=84% 
2.4. ethyl (2R-1 (S), 20,43)-4-ethyl-1-(5-(5-methyl-1H 
imidazol-4-yl)-2-3'-methyl-2-(1-oxopropyl)amino1,1'- 
biphenyl)-3-yl)sulphonyl)amino)-1-oxopentyl)piperidine-2- 
carboxylate hydrochloride 
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10 
1.6 g (1.7 mmol) of ethyl 2R-1 (S), 2d, 43)-1-(2-(2- 

bis(1-oxopropyl)amino)3'methyl1,1'-biphenyl)-3-yl)sul 
phonyl)amino-5-5-methyl-1-(triphenylmethyl)-1H-imida 
zol-4-yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxylate are 
dissolved in 85 ml of acetic acid and 17 ml of water, and the 
solution is heated to the reflux temperature for 6 hours. It is 
evaporated to dryness and the residue is taken up in 100 ml 
of ethyl acetate and washed successively with 20 ml of 
saturated sodium hydrogen carbonate solution and 10 ml of 
saturated sodium chloride solution, and then evaporated to 
dryness. The residue is purified by chromatography on a 
column of silica gel, eluting with a dichloromethane/ethanol 
mixture (95/5). 

1 g of product is obtained in base form. 
The hydrochloride is prepared in a solution of isopropanol 

in 0.1 N hydrochloric acid and is again concentrated under 
reduced pressure. This residue is purified on an RP18 
column, eluting with an acetonitrile/water mixture (1/). 

After freeze-drying, 893 mg of product are obtained. 
Yield-67% 
Melting point=140° C. 
o'--115 (c=0.2; methanol) 

EXAMPLE 3 (compound No. 3) 

ethyl (2R-1 (S), 
2o.4B-4-ethyl-1-(5-(5-methyl-1H-imidazol-4-yl)- 
1-oxo-2-[2-(1-oxopropyl)amino1,1'-biphenyl)- 

3-yl)sulphonyl)aminolpentyl)piperidine-2-carboxylate 
hydrochloride 

3.1. 2-bis(1-oxopropyl)amino1,1'-biphenyl-3-sulpho 
nyl chloride 
The product is prepared according to the method 

described in Example 2, starting with 2-amino1,1'-biphe 
nyl-3-sulphonic acid and propionic anhydride. 
Melting point=113.8° C. 
3.2. ethyl(2R-1 (S), 20.48-1-2-2-bis(1-oxopropy 
l)amino1,1'-biphenyl-3-yl)sulphonyl)amino-5-5-methyl 
-1-(triphenylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4- 
ethylpiperidine-2-carboxylate 

1.88 g (4.85 mmol) of 2-bis(1-oxopropyl)amino1,1'- 
biphenyl)-3-sulphonyl chloride are dissolved in 20 ml of 
dichloromethane and the mixture is placed at 0°C. 2.99g 
(4.5 mmol) of ethyl (2R-1 (S), 20.4B)-1-(2-amino-5-5- 
methyl-1-(triphenylmethyl)-1H -imidazol-4-yl)-1-oxopen 
tyl-4-ethylpiperidine-2-carboxylate hydrochloride and, 
dropwise, 1.6 ml of triethylamine are then added. The 
mixture is left stirring at this temperature overnight. It is 
concentrated under reduced pressure and the residue is taken 
up in 100 ml of ethyl acetate and washed successively with 
50 ml of N hydrochloric acid solution, with 50 ml of 
saturated sodium hydrogen carbonate solution and then with 
50 ml of saturated sodium chloride solution. It is dried over 
magnesium sulphate and concentrated under reduced pres 
sure. The residue is purified by chromatography on a column 
of silica gel, eluting with a dichloromethane/methanol mix 
ture (98/2). 

2.9 g of product are obtained. 
Yield=62% 
3.3. ethyl(2R-1 (S), 20.4B)-4-ethyl-1-(5-(5-methyl-1H 
imidazol-4-yl)-1-oxo-2-(2-(1-oxopropyl)amino1,1'-bi 
phenyl)-3-ylsulphonyl)aminolpentyl)piperidine-2-car 
boxylate hydrochloride 
To 2.9 g (3 mmol) of ethyl 2R-1 (S), 2d, 43)-1-(2-2- 

bis(1-oxopropyl)amino1,1'-biphenyl)-3-yl)sulphonyl) 
amino)-5-5-methyl-1-(triphenylmethyl) -1H-imidazol-4- 
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yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxylate are added 
150 ml of acetic acid and 50 ml of water, and the mixture is 
heated at the reflux temperature for 6.5 hours. It is evapo 
rated to dryness and the residue is purified by chromatog 
raphy on a column of silica gel, eluting with a dichlo 
romethane/methanol mixture (95/5). 

1.7 g of product are obtained in base form. 
The hydrochloride is prepared in 10 ml of a solution of 

isopropanol in 0.1 N hydrochloric acid, and the mixture is 
again concentrated under reduced pressure. This residue is 
purified on an RP 18 column, eluting with an acetonitrile/ 
water mixture (1/1). 

1.3 g of product are obtained in the form of the hydro 
chloride. 
Yield=63% 
Melting point=104°-105° C. 
(o)--105 (c=0.2; methanol) 

EXAMPLE 4 (compound No. 29) 

ethyl 2R-1 (S), 
20,4B-4-ethyl-1-(5-(5-methyl-1H-imidazol-4-yl)- 

1-oxo-2-((2-(1-oxopropyl) 
amino-3-pyrid-2-ylphenyl)sulphonyl)aminopentyl) 

piperidine-2-carboxylate hydrochloride 
4.1. N,N-diethylethanamine salt of 2-bis(1-oxopropyl) 

amino-5-bromo-3-iodobenzenesulphonic acid 
A solution of 31.7 g (66 mmol) of the N,N-diethyletha 

namine salt of 2-amino-5-bromo-3-iodobenzenesulphonic 
acid in 114 ml (1.32 mol) of propionyl chloride is heated for 
16 hours at the reflux temperature, then the reaction medium 
is concentrated under reduced pressure and the product is 
crystallized from 100 ml of ethyl acetate. 

32.5 g of product are obtained in the form of white 
crystals. 
Yield=84% 
Melting point=124°-128° C. 
4.2. 2-bis(1-oxopropyl)amino)-5-bromo-3-iodobenzene 
sulphonyl chloride 
To a solution of 32.5 g (55 mmol) of the N,N-diethyl 

ethanamine salt of 2-bis(1-oxopropyl)amino)-5-bromo-3- 
iodobenzenesulphonic acid in dichloromethane are added 
portionwise, at 0°C. under nitrogen, 16.8g (82.4 mmol) of 
phosphorus pentachloride. The mixture is allowed to warm 
to room temperature and is heated for 4 hours at the reflux 
temperature. 200 ml of ether are poured in, the mixture is 
filtered and the filtrate is concentrated. The residue is 
purified by chromatography on a column of florisilTM eluting 
with an ether/hexane mixture (2/8). The product is recrys 
tallized from an ether/pentane mixture. 12 g of product are 
obtained in the form of white crystals. 
Yield-43% 
Melting point=127132° C. 
4.3. ethyl(2R-1 (S), 20.4B)-1-(2-((5-bromo-3-iodo-2-(1- 
Oxopropyl)aminolphenylsulphonyl)amino-5-5-methyl-1- 
(triphenylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4-eth 
ylpiperidine-2-carboxylate 
To a solution of 1.28 g (2 mmol) of ethyl (2R-1 (S), 20,43)-1-(2-amino-5-5-methyl-1-(triphenylmethyl)-1H 

-imidazol-4-yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxy 
late hydrochloride in dichloromethane are successively 
added, at 0°C. under nitrogen, 1.02 g (2 mmol) of 2-bis(1- 
oxopropyl)amino-5-bromo-3-iodobenzenesulphonyl chlo 
ride followed by dropwise addition of 0.69 ul (5 mmol) of 
triethylamine. The reaction medium is left stirring for 6 
hours at 0°C. and is then taken up in 100 ml of ethyl acetate. 
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12 
Next, it is washed successively with twice 50 ml of 0.5 N 
hydrochloric acid, 50 ml of saturated sodium hydrogen 
carbonate solution and 50 ml of saturated sodium chloride 
solution. Finally, the solution is dried over magnesium 
sulphate and concentrated under reduced pressure. 2.1 g of 
product are obtained in the form of a viscous oil, which is 
taken up in 100 ml of tetrahydrofuran and treated at 0°C. 
with ammonia gas. The reaction medium is left stirring for 
2 hours at this temperature, and is concentrated under 
reduced pressure. The residue is purified by chromatography 
on a column of silica gel, eluting with a dichloromethane/ 
methanol mixture (98/2). 1.4 g of product are obtained in the 
form of a viscous oil, which is used without further purifi 
cation in the following step. 
Yield=70% 
4.4. ethyl(2R-1 (S), 20.4B))-1-(2-5-bromo-2-(1-oxopro 
pyl)amino-3-pyrid-2-ylphenylsulphonyl)amino)-5-5-me 
thyl-1-(triphenylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)4- 
ethylpiperidine-2-carboxylate 
A mixture containing 1.2 g (1.2 mmol) of ethyl (2R-1 (S), 

20,43)-1-(2-((5-bromo-3-iodo-2-(1-oxopropyl)amino) 
phenylsulphonyl)amino-5-5-methyl-1-(triphenylm 
ethyl)-1H -imidazol-4-yl)-1-oxopentyl-4-ethylpiperidine 
2-carboxylate, 0.53 g (1.44 mmol) of 
2-(tributylstannyl)pyridine, 14 mg (0.07 mmol) of copper 
iodide and 83 mg (0.07 mmol) of tetrakis(triphenylphos 
phine) palladium (0) in 2.4 ml of dimethylformamide is 
heated at 95° C. under argon for 4 hours. The reaction 
medium is then taken up in 100 ml of ethyl acetate, washed 
with twice 100 ml of 5% sodium hydrogen carbonate 
solution and then with 50 ml of saturated sodium chloride 
solution, dried over magnesium sulphate and concentrated 
under reduced pressure. The residue is purified by chroma 
tography on a column of silica gel, eluting with a dichlo 
romethane/methanol mixture (98/2). 

0.72 g of product is obtained, which is used without 
further purification in the following step. 
Yield=63% 
Melting point=90°-94° C. 
4.5. ethyl(2R-1 (S), 20.4B)-1-(2-((5-bromo-2-(1-oxopro 
pyl)aminol-3-pyrid-2-ylphenylsulphonyl)amino)-5-5-me 
thyl-1H-imidazol-4-yl)-1-oxopentyl)-4-ethylpiperidine-2- 
carboxylate 

0.71 g (0.75 retool) of ethyl(2R-1 (S), 20, 4B-1-(2-((5- 
bromo-2-(1-oxopropyl)aminol-3-pyrid-2-ylphenylsulpho 
nylamino)-5-5-methyl -1(triphenylmethyl)-1H-imidazol 
4-yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxylate in a 
mixture containing 35 ml of acetic acid and 10 ml of water 
is heated at 100° C. for 1 hour. The reaction medium is 
concentrated under reduced pressure and the residue is 
purified by chromatography on a column of silica gel, 
eluting with a methanol/dichloromethane mixture (5/95). 

0.452 g of product is isolated in the form of a viscous oil, 
which is used without further purification in the following 
step. 
Yield=83% 
4.6. Ethyl (2R-1 (S), 20.4B))-4-ethyl-1-(5-(5-methyl-1H 
imidazol-4-yl)-1-oxo-2-[2-(1-oxopropyl)amino-3-pyrid 
2-ylphenyl)sulphonyl)amino)pentyl)piperidine-2-carboxy 
late hydrochloride 
A mixture of 0.45 g (0.61 mmol) of ethyl(2R-1 (S), 

20,43)-1-(2-5-bromo-2-(1-oxopropyl)amino-3-pyrid 
2-ylphenylsulphonyl)amino-5-5-methyl-1H-imidazol-4- 
yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxylate, 0.39 g (6 
mmol) of ammonium formate and 50 mg of 10% palladium 
on charcoal in 8ml of methanol and 0.2 ml of acetic acid is 
heated for 4 hours at the reflux temperature. The reaction 



5,602,149 
13 

medium is then concentrated under reduced pressure and the 
residue is purified by chromatography on a column of silica 
gel, eluting with a dichloromethane/methanol mixture 
(95/5). 

0.36 g of product is obtained in the form of a viscous oil. 
Yield-8% 
The hydrochloride is prepared according to the method 

described in Example 3. 
Melting point=78-84 C. 
O)''91 (c=0.2; methanol) 

EXAMPLE 5 (compound No. 25) 

Ethyl (2R-1 (S), 
20.4B)-4-ethyl-1-(5-(5-methyl-1H-imidazol-4-yl)- 
2-3',5'-dimethyl-2-(1-oxobutyl)amino1,1'- 
biphenyl)-3-yl)sulphonyl)aminol-1-oxopentyl) 

piperidine-2-carboxylate hydrochloride 
5.1. N,N-diethylethanamine salt of 2-((3'5'-dimethyl)2- 

(1-oxobutyl)amino 1,1'-biphenyl)-3-sulphonic acid 
2 g (7.2 mmol) of 2-amino-3',5'-dimethyl1,1'-biphenyl) 

-3-sulphonic acid in 8.3 ml (50 mmol) of butyric anhydride 
are heated for 2 hours at 80° C. The medium is allowed to 
warm to room temperature and is concentrated under 
reduced pressure. The residue is purified by chromatography 
on an RP 18 column, eluting with an acetonitrile/water 
mixture (2/8). 

1.5g of product are obtained in the form of a white solid. 
The triethylamine salt is prepared according to the method 
described in Example 2, and is used without further purifi 
cation in the following step. 
Yield=60% 
5.2. N,N-diethylethanamine salt of 2-(3, 5'-dimethyl)-2- 
(1-oxobutyl)(trifluoroacetyl)amino1,1'-biphenyl)-3-sul 
phonic acid 
A mixture of 1.48 g (3.3 mmol) of the N,N-diethyletha 

namine salt of 2-(3',5'-dimethyl)-2-(1-oxobutyl)aminol, 
1'-biphenyl)-3-sulphonic acid and 4.7 ml (33 mmol) of 
trifluoroacetic anhydride is heated at the reflux temperature 
for 1 hour, and the reaction medium is then concentrated 
under reduced pressure. 

1.8g of product are obtained in the form of a viscous oil, 
which product is used without further purification in the 
following step. 
Yield=100% 
5.3. 2-((3', 5'-dimethyl)-2-(1-oxobutyl) (trifluoroacetyl) 
aminol,1'-biphenyl)-3-sulphonyl chloride 
To a solution of 1.8 g (3.3 mmol) of the N,N-diethyletha 

namine salt of 2-(3',5'-dimethyl)-2-(1-oxobutyl) (trifluoro 
acetyl) amino1,1-biphenyl)-3-sulphonic acid in 10 ml of 
dichloromethane are added, at room temperature under 
nitrogen, 1.37 g (6.6 mmol) of phosphorus pentachloride, 
the mixture is heated at the reflux temperature for 4 hours 
and the reaction medium is then allowed to cool to room 
temperature, 100 ml of ether are poured in and the mixture 
is filtered then concentrated under reduced pressure. The 
residue thus obtained is purified by chromatography on a 
florisilTM column, eluting with dichloromethane. 
0.78g of product is obtained in the form of a viscous oil, 

which is used without further purification in the following 
step. 
Yield=51% 
NMR (CDC), 200 Mhz, 8, (ppm): 8.3 (dd, 1H, J=6.5 Hz, 

J=0.7 Hz); 7.85-7.7 (m, 2H); 7.15-7.00 (m, 1H), 6.8 (s, 
2H); 2.5-2.3 (m, 7H); 1.75-1.5(m, 3H); 0.9 (t, 3H, 6 Hz) 
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14 
5.4. ethyl(2R-1 (S), 20.4B)-4-ethyl-1-(5-(5-methyl-1H 
imidazol-4-yl)-2-3',5'-dimethyl-2-(1-oxobutyl) amino 
1, 1'-biphenyl)-3-yl)sulphonyl)amino)-1-oxopentyl)piperi 
dine-2-carboxylate hydrochloride 
To a solution of 0.554 g (1.2 mmol) of 2- (3',5'-dim 

ethyl)-2-(1-oxobutyl) (trifluoroacetyl) amino1,1'-biphe 
nyl)-3-sulphonyl chloride in 5 ml of dichloromethane is 
added, at 0°C. under nitrogen, 0.815 g (1.2 mmol) of ethyl 
(2R-1 (S), 20,43)-1-(2-amino-5-5-methyl-1-(triphenylm 
ethyl)-1H -imidazol-4-yl)-1-oxopentyl)-4-ethylpiperidine 
2-carboxylate hydrochloride followed by dropwise addition 
of 0.56 ml (4 mmol) of triethylamine. The reaction medium 
is left stirring at this temperature for 6 hours and is then 
concentrated under reduced pressure. The residue is taken up 
in 100 ml of ethyl acetate and is then washed successively 
with 50 ml of aqueous 0.5N hydrochloric acid solution, then 
with 50 ml of aqueous 5% sodium hydrogen carbonate 
solution and then with 50 ml of saturated sodium chloride 
solution, and dried over magnesium sulphate. The organic 
phase is concentrated under reduced pressure. 

1 g of product is obtained, which is used without further 
purification in the following step. 
The residue is heated for 2 hours at the reflux temperature 

in a mixture containing 12 ml of acetic acid, 6 ml of 
tetrahydrofuran and 6 ml of water, and the reaction medium 
is then concentrated under reduced pressure. The residue is 
purified on a column of silica, eluting with a methanol/water 
mixture (5/95). 

0.475 g of product is obtained in base form in the form of 
a viscous oil. 
Yield=56% 
The hydrochloride is prepared by dissolving 0.475 g of 

base in 14 ml of a solution of isopropanol in 0.1 N hydro 
chloric acid. 
Melting point=135° C. 
(o'-118° (c=0.2; methanol) 

EXAMPLE 6 (compound No. 34) 

ethyl 2R-1 (S), 
20.4B)-4-ethyl-1-(5-(5-methyl-1H-imidazol-4-yl)- 

1-oxo-2-(2-(1-oxopropyl)aminol-3thien 
2-ylphenylsulphonyl)aminolpentyl)piperidine 

2-carboxylate hydrochloride 
6.1. N,N-diethylethanamine salt of 2-bis(1-oxopropyl) 

amino-3-thien-2-ylbenzenesulphonic acid 
1.9 g (7.8 mmol) of 2-amino-3-thien-2-ylbenzenesul 

phonic acid are dissolved in 10 ml of dichloromethane, 1.3 
ml (9.4 mmol) of triethylamine are added and the mixture is 
evaporated to dryness. The salt obtained is then dissolved in 
15 ml of propionic anhydride, and the mixture is heated for 
8 hours at 150° C. and evaporated to dryness. The residue is 
purified by chromatography on a column of silica gel, 
eluting with a dichloromethane/ethanol/triethylamine mix 
ture (98/2/0.001). 

2.76 g of product are obtained after recrystallization from 
ethyl acetate. 
Yield=79% 
6.2. 2-bis(1-oxopropyl)amino)-3-thien-2-ylbenzenesulpho 
nyl chloride 
To a solution of 2.8 g (6.1 mmol) of the N,N-diethyletha 

namine salt of 2-bis(1-oxopropyl)amino-3-thien-2-ylben 
Zenesulphonic acid in 6 ml of dichloromethane are added, at 
0° C., 1.3 g (6.1 mmol) of phosphorus pentachloride and the 
reaction mixture is allowed to warm to room temperature. 
The mixture is then heated for 5 hours at the reflux tem 
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perature and then allowed to cool to room temperature. Ether 
is added, the mixture is filtered and the residue is precipi 
tated from an ether/pentane mixture (1/1). The mixture is 
filtered and the filtrate is concentrated under reduced pres 
sure and purified by chromatography on a column of flori 
sil"M. 2.2 g of product are obtained, which product is 
crystallized from an ether/pentane mixture. 

1.5g of product are obtained in the form of white crystals. 
Yield=55% 
Melting point=113.6° C. 
6.3ethyl 2R-1 (S), 20,43)-1-(2-(2-bis(1-oxopropyl) 
aminol-3-thien-2-ylphenyl)sulphonyl)amino)-5-5-methyl 
1-(triphenylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4-eth 
ylpiperidine-2-carboxylate 

0.9 g (2 mmol) of 2-bis(1-oxopropyl)amino-3-thien-2- 
ylbenzenesulphonyl chloride is dissolved in 8 ml of dichlo 
romethane and the mixture is placed at 0°C. 1.3 g (2 mmol) 
of ethyl 2R-1 (S), 20.4B)-1-(2-amino-5-5-methyl-1- 
(triphenylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4-eth 
ylpiperidine-2-carboxylate hydrochloride are then added, 
followed by dropwise addition of 0.9 ml of triethylamine. 
The mixture is left stirring at this temperature overnight. It 
is concentrated under reduced pressure and the residue is 
taken up in 100 ml of ethyl acetate and washed successively 
with 50 ml of 1N hydrochloric acid solution, with 50 ml of 
saturated sodium hydrogen carbonate solution and then with 
50 ml of saturated sodium chloride solution. The solution is 
dried over magnesium sulphate and concentrated under 
reduced pressure. The residue is purified by chromatography 
on a column of silica gel, eluting with a dichloromethane/ 
methanol mixture (98/2). 
2g of product are obtained, which product is used without 

further purification in the following step. 
6.4. ethyl (2R-1 (S), 20.4B)-4-ethyl-1-(5-(5-methyl-1H 
imidazol-4-yl)-1-oxo-2-[2-(1-oxopropyl)aminol-3-thien 
2-ylphenyl sulphonylamoinopentyl)piperidine-2-car 
boxylate hydrochloride 
To 1.9 g (2 mmol) of ethyl(2R-1 (S), 2d, 4B))-1-(2-I2 

Ibis (1-oxopropyl)aminol-3-thien-2-ylphenylsulphonyl 
amino)-5-5-methyl-1 (triphenylmethyl)-1H-imidazol-4-yl)- 
1-oxopentyl)-4-ethylpiperidine-2-carboxylate are added 100 
ml of acetic acid and 20 ml of water, and the mixture is 
heated at the reflux temperature for 6 hours. It is evaporated 
to dryness and the residue is taken up in 100 ml of ethyl 
acetate and washed with 10 ml of saturated sodium hydro 
gen carbonate solution and then with 10 ml of saturated 
sodium chloride solution, dried over magnesium sulphate 
and evaporated to dryness. The residue is purified by chro 
matography on a column of silica gel, eluting with a 
dichloromethane/methanol gradient. 

1.1 g of product are obtained in base form. 
The hydrochloride is prepared in 10 ml of a solution of 

isopropanol in 0.1 N hydrochloric acid, and is again con 
centrated under reduced pressure. This residue is purified on 
an RP 18 column, eluting with an acetonitrile/water mixture 
(1/1). 

After freeze-drying, 0.939 g of product is obtained in the 
form of the hydrochloride. 
Yield-67% 
Melting point=151° C. 
(o)'--107 (c=0.2; methanol) 
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16 
EXAMPLE 7 (compound No. 42) 

ethyl 2R-1 (S), 
20.4B)-1-(2-2(acetylamino)-3-cyclopenlylphenyl) 
sulphonyl)amino)-5(5-methyl-1H-imidazol-4-yl)- 

1-oxopentyl)-4-ethylpiperidine-2-carboxylate 
hydrochloride 

7.1. N,N-diethylethanamine salt of 2-(diacetylamino)-3- 
cyclopentylbenzenesulphonic acid 

3.42 g (10 mmol) of the N,N-diethylethanamine salt of 
2-amino-3-cyclopentylbenzenesulphonic acid dissolved in 
100 ml of acetyl chloride are heated at the reflux temperature 
for 48 hours, and the reaction medium is then concentrated 
under reduced pressure. 

4.3 g of product are obtained in the form of an oil, which 
product is used without further purification in the following 
Step. 
Yield=100% 
7.2. 2-(diacetylamino)-3-cyclopentylbenzenesulphonyl 
chloride 
A solution of 1.55 g (3.6 mmol) of 2-(diacetylamino)-3- 

cyclopentylbenzenesulphonic acid and 1.12 g (5.4 mmol) of 
phosphorus pentachloride in 10 ml of dichloromethane is 
heated at the reflux temperature for 2.5 hours, and the 
reaction medium is then concentrated under reduced pres 
sure. The residue thus obtained is purified by chromatogra 
phy on a column of florisil TM, eluting with dichloromethane. 

0.62 g of product is obtained in the form of a viscous oil, 
which is used without further purification in the following 
step. 
Yield=50% 
7.3. ethyl (2R-1 (S), 20,43)-1-(2-2-(diacetylamino)-3- 
cyclopentylphenyl)sulphonyl)amino)-5-5-methyl-1-(triph 
enylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)4-ethylpiperi 
dine-2-carboxylate 
To a mixture of 0.77 g (1.2 mmol) of ethyl (2R-1 (S), 

20,4B))-1-(2-amino-5-5-methyl-1-(triphenylmethyl)-1H 
imaidazol-4-yl)-1-oxopentyl-4-ethylpiperidine-2-carboxy 
late hydrochloride and 0.37 ml (2.64 mmol) of triethylamine 
in 5 ml of dichloromethane is added dropwise, at 0°C. under 
a nitrogen atmosphere, 0.35 g (1 mmol) of 2-(diacety 
lamino)-3-cyclopentylbenzenesulphonyl chloride dissolved 
in 1 ml of dichloromethane. The reaction medium is left 
stirring at this temperature for 6 hours and is then concen 
trated under reduced pressure. The residue is taken up in 50 
ml of ethyl acetate and is then washed successively with 50 
ml of aqueous 0.5 N hydrochloric acid solution, with 50 ml 
of saturated sodium hydrogen carbonate solution and then 
with 50 ml of saturated sodium chloride solution, and dried 
over magnesium sulphate. The organic phase is concentrated 
under reduced pressure. 
The residue is used without further purification in the 

following step. 
7.4. ethyl (2R-1 (S), 20,43)-1-(2-(2-(acetylamino)-3-cy 
clopentylphenyl)sulphonyl)amino)-5-(5-methyl-1H-imida 
zol-4-yl)-1-oxopentyl)-4-ethylpiperidine-2-carboxylate 
hydrochloride 

ethyl 2R-1 (S), 20,43)-1-(2-((2-(diacetylamino)-3-cy 
clopentylphenyl)sulphonyl)amino-5-5-methyl-1-(triph 
enylmethyl)-1H-imidazol-4-yl)-1-oxopentyl)-4-ethylpiperi 
dine-2-carboxylate is heated for 48 hours at the reflux 
temperature, in a mixture containing 8 ml of acetic acid, 4 
ml of tetrahydrofuran and 4 ml of water, and the reaction 
medium is then concentrated under reduced pressure. The 
residue is taken up in 18 ml of a solution of isopropanol in 
0.1 N hydrochloric acid and is again concentrated under 
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reduced pressure. This residue is purified on an RP 18 "chlor.' represents a hydrochloride. The absence of an entry 
column, eluting with an acetonitrile/water mixture (6/4). 2Oys 

0.31 g of product is obtained in the form of the hydro 
chloride. Yield=50% Melting point=140° C. o. 20-74.5o column: c=0.2 except where otherwise mentioned; solvent= • LVD T. 

(c=0.25; methanol) Key to the table: in the “salt” column: methanol. 

corresponds to the product in base form. In the “oil 

TABLE 

O OR (I) S. 
O 

SoHN N 
ROCHN 

R5 

A. RA N 

| ) 
R NH 

No. R. R R R Rs A Salt m.p.(°C) ol' () 

-CH - CH, -CH -H - CH chlor. 136-141 +128.8 (c = 0.25) 

2 - CH, H -CH, -H - CH chlor. 165-170 -92.4 (c = 0.25) 

3 - CH, -CH, -CH - H -CH chlor. 104-105 --105 

chlor. 95 --109.5 

chlor. 125 --103 

chlor. 168-175 +68.4 (c = 0.25) 

7 -H - CH - CHOCH -Br -CH chlor. 120 +52.5 

8 -H - CH, -CHOCH - H -CH chlor. 74 +60 

9 -H -H - CHOCH, - H - C.H. chor. 32 -59 

10 -H - CH, -CH, -Br -CH chor. 2 -83 
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TABLE-continued 

OOR2 (I) 

SOHN O2 N 

ROCHN 

'Rs 
A R N 

| ) 
R NH 

No. R. R R R R5 A Salt m.p.(°C.) (c. () 

11 -H C2H6 - CH, - H -CH Ol chlor. 125-127 -124 

12 - H -H -CH, -H - CH Ol chlor. 141 -116 

13 -H CH, -CHO(CHO)CH - H - CH Ol chlor. 74 -77 

14 -CH, -CH, -CH, - H -CH CH chlor. 134 +113 

15 - CH, -CH -CH - H -CH CH chlor. 140 -15 

16 - CH, -CH -CH, - H -CH CH3 chlor. 120 -112.5 

17 - CH, -CH -CH - H -CH CH chlor. 128 -94. 

18 -CH, -CH -CH - H -CH Ol chlor. 130 +110 

CH 

19 -CH, -CH, -CH, - H -CH chlor. 136 -110 C2 

5. 
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TABLE-continued 

OSOR2 (I) 
O 

SOHN 
N 

ROCHN 

'Rs 
A. R4 N 

| ) 
R NH 

No. R. R R R Rs A Salt m.p.(°C) (o) () 

20 - CH, - CH, -CH -H - CHs C2H5 chlor. 108 - 103 

21 -CH - C.H. -CH -H - CH C chlor. 54 -103 

22 - CH, - CH, -CH -H CH5 F chlor. 126 --54 

23 - CH, - CH, -CH, -H CHs OCH chor, 65 +104.5 

24 - CH, C.H. - C.H. -H CH OCH chlor. 28 +54 

25 - CH, - CH, -CH, -H - CH CH chlor. 35 -18 

HC 

26 -CH CHs CH -H CH C1 chor. 130 +125 

C 6 X. 
27 -H - CH, -CH, - H -CH N chlor. 131 -42.5 

N 

28 -H -H -CH, - H -CH N chlor. 172 .57 

N 
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TABLE-continued 

ON OR2 
O 

SOHN N 

ROCHN 

7 R5 

A R4 N 

| ) 
R NH 

No. R. R2 R R Rs A Salt mp.(°C) (o) () 

29 -CH, -CH, -CH -H chlor. 78-84 91 - C2 H. 

30 -CH, -CH -CH, - H -CH S chlor. 178.2 +97.6 (c = 0.25) 

/ Ces 
31 -CH, -H - CH, - H -CH S chlor. 150–155 +111 (c = 0.55) 

/ Us 
32 -H - CH, -CH, - H -CH S chlor. 90 +73 

/ Ces 
33 -H -H -CH, - H -CH S chlor. 150 +82.5 

/ Ces 
34 - CH, -CH -CH - H -CH S chlor. 151 --107 

/ Ces 
35 - CH, -CH, -CH, - H -CH S chlor. 124 +101 

/ Ces 
36 - CH, -CH, -CH - H -CH HC chlor. 110 +52.6 

S 

/ 
21 

37 - CH, -CH -CH - H -CH Cl chlor. 132 +63 
S 

/ 21 
38 -CH, -CH -H -CH, S chlor. 130-132 +132 

/ --> 
39 -CH, -CH -CH - H -CH A \ chlor. 128-134 -57 

O 

40 -H - CH, -CH, - H -CH O chlor. 124 +78 
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TABLE-continued 

OSOR2 (I) 
O 

SOHN 
N 

ROCHN 

'Rs 
A. R4 N 

| ) 
R NH 

No. R. R2 R R Rs A Salt m.p. (°C) o” () 

4 -H -H -CH, - H -CH O chior. 149 --102 

42 - CH, -CH, -CH, - H -CH C chlor. 140 -74.5 

43 - CH, -H -CH, - H -CH C chlor. 160 +815 

44 - CH, -CH, -CH - H -CH O chlor. 18 -93 

45 -H - CH, -CH - H -CH C chlor. 125 -73.5 

46 - CH, -CH -CH, - H -CH, Ol chlor. 132 -104 

47 -H CH, -CH, - H -CH chlor. 120 - 77 

The compounds of the invention formed the subject of 50 Male CD rats weighing 150 to 200 g are treated with the 
pharmacological studies which demonstrated their anti 
thrombotic properties and their advantage as substances 
having therapeutic activity. 
1. Determination of the Inhibition Constants (Ki) With 
Respect to Thrombin 

25ul of a solution of test compound (7 concentrations are 
studied), 50 ul of a solution of chromogenic substrate (2 
concentrations are studied; S2238 ChromogenixTM) dis 
solved in Tris buffer at pH 7.5 (50 mM Tris, 100 mM NaCl 
and 0.1% BSA) and finally 25 ul of a 300 U/ml thrombin 
solution are placed in each well of a 96-well microplate. The 
release of 4-nitroaniline is monitored at 405 run using a plate 
reader. 
The K is determined according to the Dixon method. 
The compounds of the invention are thrombin inhibitors 

and their K is between 0.001 and 100 uM. 
2. Ex Vivo Coagulation of Rat Plasma by Human Thrombin 

55 

60 

65 

test compound or with the vehicle, via the i.v., oral or 
Subcutaneous route. The animals are then anaesthetized with 
NembutalTM (60 mg/kg, 0.1 ml/kg), the blood is withdrawn 
over 3.8% trisodium citrate (1 vol/9 vol of blood) from the 
retroorbital sinus and the plasma is prepared by centrifuga 
tion at 3600 g for 15 minutes at room temperature. 200 ul of 
plasma are then incubated at 37°C. with 200ul of a solution 
of human thrombin, the final human thrombin concentration 
being 0.75 NIH units/ml, and the coagulation time is noted. 
The anticoagulant effect is expressed as the dose which 
increases the coagulation time by 100%. The compounds of 
the invention inhibit the coagulation of rat plasma at doses 
of from 0.01 to 5 mg/kg i.v. They are also active via the oral 
and subcutaneous routes. 3. Aggregation of Rabbit Platelets 
Induced by Human thrombin 
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The blood is withdrawn by cardiac puncture onto 3.8% 
trisodium citrate (1 vol/9 vol of blood). It is centrifuged at 
250 g for 10 minutes. The platelet-rich plasma (PP) thus 
obtained is withdrawn and the platelets are counted. 
2 ng/ml of prostacyclin dissolved in ice-cold Tris buffer at 

pH 9.0 are added to the PP. The mixture is centrifuged at 
110 g for 10 minutes and is decanted. Further prostacyclin, 
dissolved in 50 mM sodium hydroxide at pH 12, is added, 
so as to have a final concentration of 200 ng/ml. The PP is 
again centrifuged, at 800 g for 10 minutes. The platelet-poor 
plasma is removed and the pellet is suspended in a volume 
of tyrode containing 200 ng/ml of prostacyclin, this volume 
being equal to the initial volume of PP. This suspension is 
centrifuged at 800 g for 10 minutes. Suspension of the pellet 
and centrifugation are repeated under the same conditions. 
The final pellet is suspended in a prostacyclin-free tyrode 
solution and is left to stand for 2 hours in order to allow 
complete removal of the prostacyclin. The aggregation of 
these platelets is induced with human thrombin to the final 
concentration of 0.3 NIH units/mi. The variations in optical 
density are recorded using a 4-channel aggregometer. The 
test compound or its vehicle is added to the platelet suspen 
sion (maximum volume of 3 ul added), 2 minutes before the 
addition of thrombin. The concentration which inhibits the 
aggregation by 50% (ICs) is determined. 
The compounds of the invention may be useful in all the 

clinical indications associated with thrombosis or in those in 
which thrombotic complications may be involved. 
The present invention also provides a pharmaceutical 

composition comprising a compound of formula (I) and a 
pharmaceutically acceptable excipient. This composition 
may be provided in all forms suitable for oral, parenteral or 
intravenous administration, such as a tablet, dragee, gelatin 
capsule, wafer capsule, injectable or drinkable solution or 
suspension. All of these forms are dosed to allow an admin 
istration of 1 to 1000 mg per day and per patient, in one or 
more doses. 
The present invention also provides a compound of for 

mula (I) for use in a method of treatment of the human or 
animal body. 
The present invention further provides the use of a 

compound of formula (I) in the manufacture of a medica 
ment for the treatment of thrombosis or thrombotic compli 
cations. 
There is also disclosed a method of treating or preventing 

thrombosis or thrombotic complications in a subject which 
comprises administering to that subject an effective amount 
of a compound of formula (I). 
We claim: 
1. A compound of formula (I) 

OSOR2 (I) 
O 

N 

R5 

SOHN 

ROCHN 

A N 

| ) 
R1 NH 

in which 
R represents a hydrogen atom or a (C-C) alkyl group, 
R represents a hydrogen atom or a straight or branched 
(C-C) alkyl group, 
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28 
R represents a straight or branched (C-C)alkyl group, 

a group -(CH2)OCH (where n is 1, 2 or 3) or a 
group -CHO(CHO)=CH(where m is 1, 2 or 3), 

Ra represents a hydrogen atom or a halogen atom, 
Rs represents a straight or branched (C-C)alkyl group 

and 

A represents a phenyl or heterocyclic group optionally 
substituted with one or more substituents indepen 
dently chosen from halogen atoms, straight or branched 
(C-C) alkyl, straight or branched (C-C) alkoxy and 
trifluoromethyl groups, or a cyclo(C5-C8)alkyl group, 
in the form of the free base or of a pharmaceutically 
acceptable addition salt. 

2. A compound according to claim 1, in which Ra repre 
sents a straight or branched (C-C)alkyl group and A 
represents a pyridyl, thienyl or furyl group, optionally 
substituted with one or more substituents independently 
chosen from halogen atoms and straight or branched 
(C-C)alkyl, straight or branched (C-C)alkoxy and trif 
luoromethyl groups. 

3. A compound according to claim 1 in which the con 
figuration of the piperidyl group is (2R, 4R). 

4. A compound according to claim 1 in which the con 
figuration of the central amino acid part is S). 

5. A process for the preparation of a compound according 
to claim 1, in which a sulphonic acid of formula (II) 

SOH 
H2N IC), A R4 

in which A and R are as defined in claim 1, is reacted with 
an acid chloride of formula (III) 

RCOCl (III) 

in which R is as defined in claim 1, followed by addition of 
triethylamine to obtain a triethylamine salt of formula (IV) 

SOH, TEA 
HN 

ROC1 

A R4 

which is reacted with trifluoroacetic anhydride to obtain a 
compound of formula (V) 

(IV) 

FCOC SOH, TEA (V) N 
N O) ROC 

A R4 

which is reacted with phosphorus pentachloride to obtain a 
compound of formula (VI) 

FCOC SOCl 
N 
N O) ROC 

A R4 

(VI) 
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which is condensed with a compound of formula (VII) 

OOR2 (VII) 
O 

HC1.HN 
N 

Rs 

N 

| ) 
R N 

CPh3 

in which R and Rs are as defined in claim 1 and R 
represents a straight or branched (C-C)alkyl group, fol 
lowed by treatment in an acidic medium to obtain a com 
pound of formula (I) in which R represents a straight or 
branched (C-C)alkyl group which, if desired, is saponified 
to obtain a compound of formula (I) in which R, represents 
a hydrogen atom and, if desired, the compound of formula 
(I) is converted into an additional salt thereof. 

6. A process for the preparation of a compound of formula 
(Ia) 

ON OR2 (Ia) 
O 

SOHN N 

R'OCHN 

R5 

A R N 

| ) 
R1 NH 

in which R', represents a straight or branched 
(C-C)alkyl group, 

R represents a hydrogen atom or a (C-C)alkyl group, 
R represents a hydrogen atom or a straight or branched 

(C-C)alkyl group, 
R represents a straight or branched (C-C)alkyl group, 

a group -(CH2), OCH (where n is 1, 2 or 3) or a group 
-CHO(CHO)CH (where m is 1, 2 or 3), 

R represents a hydrogen atom or a halogen atom, 
Rs represents a straight or branched (C-C)alkyl group 

and 
A represents a phenyl or heterocyclic group optionally 

substituted with one or more substituents indepen 
dently chosen from halogenatoms, straight or branched 
(C-C)alkyl, straight or branched (C-C)alkoxy and 
trifluoromethyl groups, or a cyclo(C5-C8)alkyl group, 

in which compound of formula (II) as defined in claim 5 
is reacted with an acid chloride of formula (IIIa) 

RCOCl. (IIIa) 

or with an anhydride of formula (IIIb) 
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(R' CO).O (IIIb) 

to obtain a symmetrical imide, the triethylamine salt of 
which, of formula (Va) 

R'OC SO3H, TEA (Va) 

N 
/ 

is prepared, which is treated with phosphorus pen 
tachloride to obtain a compound of formula (VIa) 

ROC SOCl (WIa) 

N 
/ 

R'OC 

A R4 

which is reacted with a compound of formula (VII) as 
defined in claim 5 followed by treatment in an acidic 
medium, to obtain a compound of formula (Ia) in which 
R represents a straight or branched (C-C)alkyl 
group which, if desired, is saponified to obtain a 
compound of formula (Ia) in which R2 represents a 
hydrogen atom and, if desired, the compound of for 
mula (Ia) is converted into an addition salt thereof. 

7. A process for the preparation of a compound of formula 
(Ia) as defined in claim 6, in which a compound of formula 
(IIb) 

SO3H (IIb) 

HN 

I R4 

in which Ra represents a halogen atom, is treated with 
triethylamine and the salt thus obtained is reacted with an 
acid chloride of formula (IIIa) 

R, COCl (IIIa) 

in which R', represents a straight or branched (C-C)alkyl 
group to obtain a compound of formula (IVb) 

ROC SOH, TEA (IVb) 

N 
/ 

R'OC 

I R4 

from which a compound of formula (VIb) 

ROC SOCl (VIb) 

N 
/ 

R'OC 

I R4 

is prepared by the action of phosphorus pentachloride, and 
the compound (VIb) is then reacted with a compound of 
formula (VII) 
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(VII) 

CPh3 

in which R is a hydrogen atom or a (C-C)alkyl group, Rs 
is a straight or branched (C-C)alkyl group and R2 repre 
sents a straight or branched (C-C)alkyl group followed by 
treatment in a basic medium, to obtain a compound of 
formula (VIII) 

which is reacted with a compound of formula (IX) 

ASn(R) (IX) 

in which A is a phenyl or heterocyclic group optionally 
substitute with one or more substituents independently cho 

10 

15 

35 

32 
sen from halogen atoms, straight or branched (C-C)alkyl, 
straight or branched (C-C)alkoxy and trifluoromethyl 
groups, or a cyclo(C5-C8)alkyl group and R is a 
(C-C)alkyl group, to form a compound of formula (X) 

OS OR2 (X) 
O 

SOHN N 

R'OCHN 

R5 

A R4 N 

| ) 
R1 N 

CPh3 

which is heated to the reflux temperature in an acidic 
medium to obtain a compound of formula (Ia), in which Ra 
represents a halogen atom which, if desired, is hydrogenoly 
sed to obtain a compound of formula (Ia) in which R is a 
hydrogen atom and, if desired, either compound of formula 
(Ia) is saponified to prepare a compound of formula (Ia) in 
which R2 represents a hydrogen atom and, if desired, the 
compound of formula (Ia) is converted into an addition salt 
thereof. 

8. A pharmaceutical composition which comprises a com 
pound as claimed in claim 1 and a pharmaceutically accept 
able excipient. 

9. A method of treating or preventing thrombosis or 
thrombotic complications in a subject which comprises 
administering to that subject an effective amount of a 
compound as claimed in claim 1. 

  


